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Abstract In this paper, we provide a comprehensive
evaluation of the current regional literature associated with
tropical dry forest (TDF) along three main axes: biodi-
versity, carbon and water conservation in the neotropics.
Our analysis provides three key findings: (1) from the
biodiversity point of view, we document that high degrees
of endemism, diversity of plant life forms and ecophysio-
logical types as key elements for their conservation across
the Americas, (2) from the carbon storage point of view,
we found that if the world’s TDFs were restored they
whole ecosystem would comprise 22 Pg of carbon in
aboveground biomass. In the Americas alone, TDF resto-
ration could potentially add 8 Pg of carbon to the potential
total ecosystem carbon stock, (3) we found that at least
66 % of water reservoirs in the neotropics are located
within dry forest ecoregions; therefore, the conservation of
the quality of freshwater sources for human consumption in
the neotropics is directly dependent on the sustainable
management of TDF-dominated landscapes. In this paper,
we stress that advocacy for conservation and sustainable
management of TDF will benefit from integrating it’s value
in biophysical terms (e.g. carbon, biodiversity) with key
ecosystem services and uses (e.g. its impact on hydrolog-
ical dynamics and its potential for fostering ecotourism
initiatives and entrepreneurship). By doing this, support
and awareness could be wider and more effective in the
long term, especially from national and local communities.
Keywords Neotropical dry forests  Conservation 
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Introduction
The tropical dry forest (TDF) biome has held a close
relation to human cultural and economic development in
the Neotropics (Trejo and Dirzo 2000; Fajardo et al. 2005).
This relation has probably been held since the first humans
populated the region several thousand years before present.
It has attractive features for human use: (a) many of them
are established in relatively flat landscapes, (b) their soils
are often fertile due to a low rate of nutrient lixiviation and
pedogenetic development, (c) they possess a marked rain-
fall seasonality that allows for an agricultural lifestyle
based on short-cycle crops, (d) the forest low structural
complexity and aerial biomass facilitates clearing, and
(e) their drier climate limits the propagation of pathogens
transmitted by mosquitoes (Ewel 1999; Murphy and Lugo
1986; Fajardo et al. 2005).
Human use of TDFs does not only come from land
clearing for agricultural and urban development;
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undisturbed TDF fragments in the neotropics have been
and still remain an important source of goods for com-
munities that live around them. These forests are an
important source of firewood, medicinal plants, animals for
hunting as well as shade and fresh air to local peasants
(Castillo et al. 2005; Balvanera and Castillo 2011; Bye
1995; Anaya et al. 2006). The use of tropical dry forest
plant species ranges from food, beverages, condiments,
wood for construction, firewood and medicinal herbal
remedies (Bye 1995). Such direct use of resources from
forests is not only restricted to rural areas. In north-western
Venezuela, for example, communities living in impover-
ished urban areas frequently use neighbouring unprotected
tropical dry forests remnants as a source of wood for
construction and as a source of meat—iguanas, birds and
rabbits—for their own consumption or for small-scale
commercialization of bushmeat (Gonzalez 1980; Vera
et al. 2009).
Historically, regional and national policies in land use
have given greater weight to TDF as a source of agricul-
tural and urban land than for conservation purposes. They
are in fact considered now the most heavily utilized and
disturbed ecosystem in the world, especially in the Amer-
icas (Janzen 1988; Sanchez-Azofeifa et al. 2005; Pen-
nington et al. 2006; Ewel 1999; Gillespie et al. 2012;
Stoner and Timm 2004; Hoekstra et al. 2005). Portillo-
Quintero and Sanchez-Azofeifa (2010) reported that only
44 % of the original TDF is left in South, Meso and North
America. Remnants of what were once large continuous
tracts of forest cover in lowlands, and submontane areas are
now highly fragmented across the subcontinent and under
high anthropogenic pressure (Fig. 1).
Current governmental land management policies and
regulations in the region are still based on the perception
that TDFs are ‘‘useless’’ for biodiversity conservation, a
misinformed position that translates in the absence of
explicit policies for its preservation, management and use
(Quesada et al. 2009; Rodrı´guez et al. 2008). Their current
degree of legal protection is substantially lower than humid
forests: while humid forests in protected areas account for
1,567,022 km2 (25 %) of its total extent (Scharlemann
et al. 2010), only 23,417 km2 (4.5 %) of TDF in the
Fig. 1 Land cover map showing the extent and geographical
distribution of neotropical dry forests (from Portillo-Quintero and
Sanchez-Azofeifa 2010). The map also shows the extent and
geographical distribution of seasonally dry forests in tropical and
subtropical grassland, shrubland and savanna ecosystems
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Americas fall within any level of legal protection (Portillo-
Quintero and Sanchez-Azofeifa 2010). Consequently, high
degrees of historic forest loss and degradation, persistent
deforestation trends, and poor levels of protection are
seriously threatening the sustainability of TDFs biodiver-
sity and ecosystem services which remain, in fact, mostly
unknown to the general public who live in these
environments.
During the past decades, specialized groups in the
tropical research community have made a tremendous
effort in documenting the species richness, ecological
complexity and carbon storage capacity of the ecosystem,
fueling the discussion on its importance for long-term
biodiversity and soil conservation, watershed stability and
maintenance of ecosystem services for rural communities
(e.g. Ewel 1977; Brown and Lugo 1982; Murphy and Lugo
1986; Janzen 1988; Mooney et al. 1995; Trejo and Dirzo
2000; Frankie et al. 2004; Pennington et al. 2006; Portillo-
Quintero and Sanchez-Azofeifa 2010; Dirzo et al. 2011;
Sanchez-Azofeifa et al. 2005, 2014).
Current research and conservation programmes led by
universities and NGOs are increasingly adding to the
available information on TDF’s biophysical, ecological and
socioeconomic value for human livelihoods in the Ameri-
cas. As relevant information at local- and regional-level
increases, the tropical forest conservation community will
move towards raising awareness on the importance of
implementing conservation programs or making efforts to
change land-use policies in TDF areas legally bound to be
cleared for agricultural or urban development. However,
the use of arguments based on single-species preservation
(i.e. threatened umbrella species), its importance for local
small-scale source of wood and meat, or even for ethno-
botanical and cultural reasons, might not be enough to raise
the interest of the political society at a municipal or
national level or even to attract the attention of large
conservation organizations that are focusing their efforts
only on tropical rainforests. Clearly communicating the
multiple ecosystem services that standing TDF can provide
will be crucial for building an advocacy base for this
ecosystem (Rodrı´guez et al. 2008).
In this paper, we reviewed the work in scientific litera-
ture to synthesize broad main biological and socioeco-
nomic aspects of TDF that are held at different
biogeographic scales. Scientific findings on TDFs compo-
sitional, structural and functional characteristics, as well as
its historic and future value for watershed management in
the Americas, are explored. We address three aspects of
TDF: ACG (2013) Biodiversity uniqueness: its high
degrees of endemism, diversity of plant life forms and
ecophysiological types; Alvarez-An˜orve et al. (2012) its
significance in present and future regional carbon storage
capacity and nutrient cycling balance, Alvarez et al. (2012)
its importance for the landscape resilience to hydrological
impacts of global change. Based on our review in the lit-
erature, we also discuss opportunities for research and
conservation directed towards the sustainable management
of Neotropical TDF landscapes.
TDFs biodiversity uniqueness: high degrees
of endemism, diversity of life forms
and ecophysiological richness
Tropical dry forests (TDFs) are a forest type that is phys-
iologically and ecologically adapted to seasonal droughts.
It exists in areas where the mean annual temperature is
usually[25 C and total annual precipitation ranges from
700 to 2,000 mm (Sanchez-Azofeifa et al. 2005). In these
ecoregions, at least 50 % of its plant species show seasonal
deciduousness and other adaptations, while animal species
undergo behavioural and physiological strategies in order
to cope with three or more months of limited or absent
rainfall every year (Sanchez-Azofeifa et al. 2005; Mooney
et al. 1995; Stoner and Timm 2011; Calvo-Alvarado et al.
2013).
Approximately 54 % of the total TDF global coverage is
located in the Americas (Miles et al. 2006). It encompasses
a broad range of deciduous, semi-deciduous and evergreen
plant species, with considerable variations in structure
across the continent (Prado and Gibbs 1993; Pennington
et al. 2004). In fact, the ecological definition of TDF
considers savannas, riparian forests, coastlines and man-
groves among the associated vegetation types that can
occur within the matrix of TDF (Pennington et al. 2006;
Sanchez-Azofeifa et al. 2005).
In general, TDFs are less diverse than wet or moist
forests (Pennington et al. 2004; Gentry 1995). Lowland
TDF have around 50–70 species [2.5 cm diameter in
0.1 ha plots, while moist forests have 100–150 species, wet
evergreen forests have 150–200 species and, pluvial forests
sustain 200–250 species in equivalent sample areas (Gentry
1995; Gillespie et al. 2000). In terms of structural features,
such as number of lianas, number of trees and basal area,
TDF differs relatively little from moist and wet forests
(Gentry 1995). Gentry (1995) shows that TDF have the
same average number of plants[2.5 cm diameter at breast
height (dbh) in 0.1 ha plots as do humid forests (370 vs.
373), the same number of trees[10 cm dbh (65 vs. 64), the
same number of lianas[2.5 cm diameter (72 vs. 68) and
only slightly lower basal area in m2 ha-1 (34.7 vs. 40).
In the Americas, each major TDF region has a signifi-
cant complement of endemic species and a few endemic
genera, with TDF endemism levels in most regions tending
to be higher than in adjacent moist forests (Linares-Palo-
mino et al. 2011; Ceballos 1995; Santos et al. 2011;
Conservation of neotropical dry forests 1041
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Sarkinen et al. 2011). Linares-Palomino et al. (2011) found
that 12 of 23 neotropical TDF geographical nuclei have
more that 20 % of unique species (a proxy for level of
endemism), being the highest nuclei Insular Caribbean
(77.5 %) and Mexican Pacific (65.5 %) in the north and
Equatorial Pacific (47.1 %) and Peruvian Inter-Andean
Valley (46.4 %) in the South.
Additionally, as a response to limited water availability,
TDF plant species show a more diverse range of morpho-
logical and functional adaptations than in any other tropical
ecosystems, showing plasticity in the response to heat and
water stress through water conservation, high photosyn-
thetic capacity and temperature regulation (Alvarez-
An˜orve et al. 2012). For example, tropical moist and wet
forest include six major life forms; evergreen woody
plants, deciduous woody plants, lianas, C3 epiphytes, CAM
epiphytes and hemi-parasites, whereas TDF includes nine
life forms: evergreen woody plants, deciduous woody
plants ([40 % of the woody species), sclerophyllous
woody plants, succulent woody plants (including cacti),
herbs, rosettes, lianas, CAM epiphytes and hemiparasites
(Medina 1995).
In terms of animal diversity, although TDF has lower
species richness than wet and moist forests, it maintains
important levels of animal diversity. According to Ceballos
(1995), the number of mammal species in TDF can range
from 46 to 136 species compared to 76–150 species in wet
and moist forest locations, 200–270 species of birds in TDF
as compared to 300–554 in wet and moist forests, and
47–80 species of reptiles and amphibians as compared to
65–134 species in wet and moist forests. Stoner and Timm
(2011) indicate that animal species in TDF are character-
ized not just by enduring but thriving in a seasonal water-
limited environment through physiological adaptations
(changes in body temperature, torpor and hibernation,
water conservation, reproductive delay) and behavioural
adaptations (dietary flexibility, long distance and short
distance migration, local movements, timing of activity
and/or foraging and seasonality of reproduction). TDFs are
also repositories of vertebrate diversity in the neotropics
because of their endemic species, which mainly consist of
many small-sized vertebrates in the tropical dry forests of
Mexico and the Chaco resulted from large-scale speciation
events in the Pleistocene (Ceballos 1995).
Research on TDF has blossomed in the last decade,
revealing not only the biological importance of these for-
ests in terms of their highly endemic floras, but also
important insights into the biogeography of this biome and
the processes and factors that have apparently shaped the
historical assembly of TDF species diversity (Hughes et al.
2013). In TDF, especially in areas of high species richness
such as the Chamela region in Mexico, the Chiquitano
tropical dry forests in Bolivia and the Brazilian Atlantic
tropical dry forests, levels of high beta diversity imply that
the spatial configuration of species assemblages, and the
distribution of endemic species and phylogenetic relation-
ships is complex (Pennington et al. 2006). High beta
diversity in TDF suggests that the richness is not repre-
sented by one particular forest fragment or specific area,
but it is dispersed among regional scales. Therefore, con-
servation of biodiversity in TDF is a challenging task that
would encompass the conservation of forest fragments in
diverse soils, topography and hydrological regimes within
seasonal climates such as coastal, riparian, submontane and
montane forests.
The landscape-level diversity that characterizes TDF
makes it a very complex ecosystem in terms of the research
that is needed to fully understand its ecological patterns
and processes. Research using methods in landscape ecol-
ogy are especially needed in human-dominated TDF
landscapes as a step to suggest proper management
schemes for its conservation at particular ecoregions or
sites. Species composition and forest structure in TDF
forests are also closely related to the land-use history of the
landscape and the current anthropogenic pressure it with-
stands; however, its human dimensions are almost unex-
plored. Interdisciplinary research on this subject holds a
great potential for understanding the ecological impacts of
human social and economic geography in TDF landscapes.
Significance in present and future regional carbon
storage capacity and nutrient cycling balance
Carbon storage in TDF biomass is estimated from mea-
sured organic matter in vegetation, soil and litterfall. A
recent study published by Becknell et al. (2012) analysed
the results from 188 TDF sites across Central and South
America and reported aboveground living biomass esti-
mates in mature TDF ranging from 39 Mg ha-1 in Cha-
mela, Mexico to 334 Mg ha-1 in Guanacaste, Costa Rica.
This accounts for approximately half of the storage
capacity found in living aboveground biomass in humid
forests which can range from 200 to 400 Mg ha-1 (Brown
and Lugo 1982; Saatchi et al. 2011).
Additionally, studies by Holbrook et al. (1995) and
Jaramillo et al. (2011) suggest that the majority of the
carbon stock in TDF can be found in its soil. For example,
average root biomass as a portion of total plant biomass has
been reported greater in TDF (33.5 % with a range of
8–50 %) than in wet forests (16 % with a range of
5–33 %). Geoghegan et al. (2010) estimated carbon stocks
of 375–405 Mg ha-1 in mature TDF of the Yucatan Pen-
insula (aboveground ? soil) where 80 % of the carbon is
stored in the soil. In terms of annual total litterfall, TDFs
average 4.5–6.0 t ha-1 year-1 with a range of
1042 C. Portillo-Quintero et al.
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2.9–10.1 t ha-1 year-1, which does not differ greatly from
values found in moist and wet forests—5.2–14.0 t ha-1
year-1—(Murphy and Lugo 1986; Lawrence 2005; Jara-
millo et al. 2011). Annual tree diameter growth in TDF is
1–2 mm year-1 representing about half that of wet for-
ests—2–5 mm year-1—(Murphy and Lugo 1986).
Studies by Das et al. (2011), Campo et al. (2000, 2001),
Lugo and Murphy (1986) and Garcı´a-Oliva and Maass
(1998) have found that TDFs are also highly efficient in the
storage of phosphorous (P)—among the highest reported
for tropical forests—, calcium (Ca), nitrogen (N), potas-
sium (K) and magnesium (Mg) in the soil relative to
atmospheric inputs and runoffs losses. In the TDF of the
Pacific coast of Mexico, for example, Campo et al. (2001)
found that runoff nutrient losses (Ca, K, Mg) in stream
water were significantly lower that the aboveground plant
nutrient return. Das et al. (2011) found that late succes-
sional stage tropical dry forests had significantly higher P
concentrations and inputs than open field or secondary
forest stands. Interestingly, they found no significant dif-
ferences between the older and younger secondary forests
which means that even early to intermediate natural TDF
regrowth (5–20 years old) has the capacity to recover
important ecosystem functions and services.
This is especially important, because a characteristic
that favours the conservation and restoration of TDF is the
aboveground biomass accumulation at rapid rates that
occur in secondary forests, appearing to close its maximum
attainable biomass after approximately 3–5 decades (Ken-
nard 2002; Powers et al. 2009; Becknell et al. 2012; Read
and Lawrence 2003). Indeed, because of the predominance
of sprouting species and wind-dispersed seeds, it has been
assumed that tropical dry forests have the potential to
recover its mature-stage biomass more quickly than do wet
forests (Kennard 2002; Becknell et al. 2012; Murphy and
Lugo 1986; Ewel 1977). However, since sprouting should
introduce low genetic variation, achieving higher degrees
of genetic variation (i.e. animal and wind-dispersed trees)
in regenerated forests might need active restoration strat-
egies such as fire prevention, suppression of wildlife
hunting, and/or controlled burning and grazing to reduce
biomass (Quesada et al. 2009; Powers et al. 2009). These
strategies, for example, have successfully resulted in sec-
ondary forest regeneration in conservation areas of
Northwestern Costa Rica through natural seed dispersal
mechanisms (Janzen 1988; Stern et al. 2002).
De la Barreda-Bautista et al. (2010), by calculating
rates of carbon flux emissions from Mexico tropical dry
forests, estimated that total emissions from TDF con-
version to agriculture and pasture (usually by slash and
burn) can reach the order of 708 Tg of carbon in the
country, which is significantly higher than total carbon
emissions estimated for tropical evergreen forests in
Mexico (569 Tg of carbon). However, scientific research
indicates that TDF has the ability to recuperate its
aboveground biomass at rapid rates with the potential of
having, at intermediate successional stages (after few
decades), at least half of a wet forest carbon storage
capacity and restoring important part in the local and
regional nutrient cycling balance. According to Becknell
et al. (2012), if the world’s TDFs were restored they
whole ecosystem would comprise 22 Pg of carbon in
aboveground biomass. In the Americas, TDF restoration
could potentially add 8 Pg of carbon to the potential total
ecosystem carbon stock.
Its importance for landscape resilience to hydrological
impacts of global change
In the neotropics, a large fraction of the human population
(approx. 90 million) lives in regions dominated by TDF
(Fajardo et al. 2005; Holdridge 1967; Murphy and Lugo
1986). Many of these regions are currently water-stressed
and additional pressures from population growth, land use
and climate change will have significant implications for
the future functioning of their natural and socioeconomic
systems (Vose and Maass 1999; Montenegro and Ragab
2010; Farrick and Branfireun 2013). The high demand for
water resources in TDF landscapes has translated into
construction of new dams, irrigations systems, deviation of
rivers and overuse of ground and superficial water
resources.
To support the discussion on TDF importance in the
regional hydrological balance in this study, a GIS analysis
on the ecoregional location of major cities ([50.000
inhabitants) and freshwater natural and artificial reservoirs
was carried out for neotropical countries was performed.
GIS datasets of major cities and water reservoirs were
obtained from ESRI datasets (via the Baruch Data Portal
http://www.baruch.cuny.edu/geoportal/) and the Global
Reservoir and Dam Database (GRanD) which compiles
location of reservoirs with a storage capacity of more than
0.1 km3. Spatial data on the distribution of ecoregions were
obtained from the WWF terrestrial ecoregions database.
Results show that at least 44 % of the cities of the neo-
tropics are located within dry ecoregions, which includes
TDF and also other ecosystems adapted to severe seasonal
droughts (Table 1). Honduras has the largest percentage of
its cities within dry ecoregions (75 %), followed by Mex-
ico (71 %), Nicaragua (66 %), Venezuela (63 %), Bolivia
(50 %), Peru (47 %), Colombia (30 %), Brazil (29 %) and
El Salvador (25 %). We also found that at least 66 % of
water reservoirs and dams in the neotropics are located
within these dry ecoregions, with Venezuela and Mexico
having the largest percentage (85 and 84 %, respectively).
Conservation of neotropical dry forests 1043
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In general, land-use restrictions around water reservoirs
and dams are meant to avoid sedimentation and pollution
of major rivers, streams and water reservoirs from elevated
nutrient levels due to fertilizers, animal waste and soil
erosion. Given the importance of the protection of forests
around water reservoirs and dams, we would expect an
important number of forested lands within dry ecoregions
being protected and managed through sustainable agricul-
tural practices (i.e. areas with special land-use restrictions
for agricultural practices and forest management). To
explore whether such policies are held in regional land-use
planning, we conducted a GIS analysis on the number of
water reservoirs and dams in dry ecoregions that occur
within protected areas. We used the World Database on
Protected Areas (www.wdpa.org) which applies an inter-
nationally defined set of management categories, known as
IUCN Protected Area Management Categories. According
to Dudley (2008), the IUCN Category system defines dif-
ferences in management approaches and identifies six
categories of protected areas encompassing strict nature
reserves and wilderness areas (Category I), national parks
(Category II), natural monuments (Category III), habitat/
species management areas (Category IV), protected
landscapes areas (Category V) and managed resource areas
(Category VI).
Results show that only 8.46 % of water reservoirs and
dams in dry neotropical ecoregions are actually protected
by any of the land-use management categories identified by
the IUCN (Table 1). In fact, only 21 out of 248 water
reservoirs in dry regions occur within protected areas: 15 in
Venezuela (51 % of its reservoirs), 3 in Brazil (3.44 %)
and 3 in Mexico (2.52 %). Protected areas were absent in
all other countries with water reservoirs in dry ecoregions.
Such lack of strict land-use restrictions around water res-
ervoirs and dams in dry ecoregions is likely linked to the
historic greater valuation given to dry lands for agricultural
and urban expansion around principal populated areas,
despite their value for hydrological balance and water
provision to human settlements (Fajardo et al. 2005).
However, these policies in land-use management in semi-
arid environments, which result in uncontrolled deforesta-
tion, have already taken its toll by leading to nitrogen and
phosphorus pollution from farmland runoff, high turbidity
and sedimentation in large water reservoirs located in dry
ecoregions. Examples can be found in Lake Maracaibo and
the Lake Valencia basins in Venezuela (Cressa et al. 1993;
Jaffe´ et al. 1995; Lopez-Rojas and Bonilla-Rivero 2000;
Alvarez et al. 2012; Salazar-Lugo 2009; Kiage and Walker
2008; Rivas et al. 2005). Around these lakes, TDF, once
predominant, is now almost extinct (Portillo-Quintero et al.
2012; Rodrı´guez et al. 2008). The consequences have led to
the greater use of treatment chemicals and increased
dredging expenses to maintain fresh water sources unpol-
luted for human consumption. A well-studied example is
the Tempisque River which drains the watershed that
contains all the tropical dry forest of Costa Rica. In this
river, the increasing and uncontrolled use of limited water
resources for irrigation, human consumption, and tourism
has reduced to 7 % the original base flow of the driest
month (April), jeopardizing the environmental flows, costal
ecosystems and the supply of this valuable resource to
society demands (Calvo-Alvarado et al. 2008; Guzma´n and
Calvo-Alvarado 2012). A similar example can be found in
Brazil, where the largest irrigated perimeter in Latin
America was established in the TDF region of the north of
Minas Gerais. As a result of this project, conversion of
TDF to croplands occurred at the margin of the Sa˜o
Francisco river, the second largest in the country, jeopar-
dizing the navigability of the river due to sand banks
resulting from sediment deposition.
Certainly, the lack of strict land-use restrictions around
water reservoirs and dams in dry ecoregions threatens the
sustainability of water provision to human settlements in
the near future. The threat increases when climate change
impacts are taken into account (Castellanos et al. 2008).
According to a thorough analysis recently carried out by
Table 1 Proportion of major cities and national water reservoirs in
countries with dry/xeric ecoregions
% Cities with
pop[50 k in
dry/xeric
ecoregionsa,c
% National water
reservoirs in dry
forest/xeric
ecoregionsb,c and
% of these within
protected areas
under IUCN
Categories I–VI
% TDF loss
(From Portillo-
Quintero and
Sanchez-Azofeifa
2010)
Honduras 75 50 (0)
Mexico 71 84 (3.4) 71
Nicaragua 67 –
Venezuela 63 85 (51.7) 74
Bolivia 50 33 (0) 45
Peru 47 40 (0)
Colombia 30 15 (0) 67
Brazil 29 66 (2.5) 52
El
Salvador
25 33 (0)
Ecuador – 75 (0)
Total % 44 66 (8.5)
a Geolocation of major cities was obtained from ESRI datasets via
http://www.baruch.cuny.edu
b Geolocation of major water reservoirs and dams was obtained from
the Global Reservoir and Dam database (GRanD) via http://www.
gwsp.org/85.html
c Spatial data on the distribution of ecoregions were obtained from
the WWF terrestrial ecoregions database (Available at: http://www.
worldwildlife.org/science/data/item6373.html)
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Meir and Pennington (2011) on the possible consequences
of climate change on neotropical dry forest using a
dynamic global vegetation model (DGVM), the estimated
warming rates for TDF regions are consistent with, or
slightly above, the global predicted means of approxi-
mately 2–4 C warming by 2100. The scenarios for
regional alterations of rainfall are uncertain, and there is no
clear global pattern emerging so far from the IPCC (2007).
However, according to Bates et al. (2008), a 5–15 %
reduction in soil moisture availability and runoff is
expected by the late twenty-first century across much of
tropical Latin America, and recent studies have also
reported the occurrence of changes in the length of the dry
and growing season during the past decades (Sanchez-
Azofeifa et al. 2013; Magrin et al. 2007).
The importance of enhancing the protection status of
TDF fragments and engaging in the sustainable manage-
ment of TDF landscapes cannot be understated. This is
necessary to avoid greater negative effects from soil ero-
sion, pollution and sedimentation of rivers and streams and
water reservoirs in the near future. Last and more impor-
tantly, it is imperative to understand that conservation of
tropical dry forest will maintain and enhance ecosystems
functions increasing the landscape resilience to hydrolog-
ical impacts from global change (Castellanos et al. 2008).
Although our understanding of these impacts is certainly
limited and more research efforts are needed (Farrick and
Branfireun 2013, 2014), detrimental consequences in terms
of hydrological dynamics are expected to affect vast
extensions of TDF environments in the region.
Opportunities for its sustainable management
The scientific literature has been clear in documenting the
great value of TDF for biodiversity conservation and car-
bon sequestration. Its high degrees of endemism, diversity
of plant life forms and ecophysiological types, as well as its
carbon storage capacity and rapid regrowth are the main
arguments for advocating conservation and/or sustainable
management of many natural or disturbed TDF landscapes.
However, tropical dry forests have multiple ecosystem
services and uses, which are closely linked to human
development. Their management and conservation needs to
take these dimensions into consideration and go beyond the
conservation its biodiversity and its potential for carbon
storage capacity.
One of these aspects is related to its importance for the
landscape resilience to hydrological impacts of global
change and the sustainability of freshwater provision to a
growing population in 44 % of Latin American cities
located in TDF ecoregions and home to more than 90
million people (Sect. 3). The impact of gains or losses in
TDF cover and productivity in these terms has not been
thoroughly investigated and quantified. More research
needs to be supported in this direction. It is also necessary
that this aspect plays a greater role as a central argument
for TDF conservation and sustainable management given
its impacts on human livelihoods at all geographic scales.
Another interesting aspect is the potential for the sus-
tainable management of TDF that has started to emerge
from ecotourism. The scenic combination of bright blue
seas and either the grey of TDF during the dry season or its
lush green during the rainy season has drawn the attention
of a growing tourism industry along the Pacific and
Caribbean coasts (Balvanera and Castillo 2011; UN-WTO
2013, 2012). In these locations, ecotourism entrepreneur-
ship is already generating important revenues from pre-
served local TDF, while creating direct jobs to local
communities and enhancing the conservation value of
natural TDF areas. At each destination, trips across natural
trails and cultural landmarks inside and outside TDF
national parks and biological reserves are often offered at
price ranges of $60–$120 per person per day. In the state of
Quintana Roo in Mexico, a half-day trip offered by the
ecotourism company Alltournative S.A. includes a visit to
archaeological landmarks, lagoons and Cenotes that are
embedded in well-preserved TDF, with direct participation
of people from various local Mayan communities. The tour
includes experiencing ancient Mayan traditions and food.
In this tour, a typical adult visitor can expend up to $150
including the purchase of photos and souvenirs. More than
800 similar ecotourism and rural tourism companies
operate in the states of Chiapas, Oaxaca, Michoacan,
Puebla, Veracruz and Quintana Roo in Mexico, all located
in dry forest ecoregions, with more than $20 million
investment by the federal government and the private
sector (SECTUR 2004). One of the most visited areas by
international and national tourists in Costa Rica, for
example, is the Province of Guanacaste which includes
tours to protected areas within the Tempisque Conservation
Area and the Guanacaste Conservation area, mostly dom-
inated by TDF. The Guanacaste Area has been receiving
approximately 110,000 visitors annually in the past 2 years
(2011–2012) especially during January and during the
Semana Santa (Holy week) in April when the number of
visitors reaches more than 12,000 visitors in each month
(ACG 2013). Similar ecotourism potential is growing
rapidly along tropical dry forest landscapes and conserva-
tion areas in Caribbean beach destinations in Cuba, the
Dominican Republic, Jamaica, the Netherland Antilles and
the Pacific coast of Colombia.
The level of priority placed on dry forest conservation
by Caribbean islands due to increasing and potential
income from tourism-related activities is evidenced by a
higher coverage of tropical dry forests under protected
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status (10.2 % of current extent is protected) when com-
pared to a 3.9 % in countries of North, Central and South
America with similar potential (Portillo-Quintero and
Sanchez-Azofeifa 2010).
In general, advocacy for conservation and sustainable
management of TDF will benefit from integrating its value
in biophysical terms (e.g. carbon, biodiversity) with key
ecosystem services and uses (e.g. its impact on hydrolog-
ical dynamics and its potential for fostering ecotourism
initiatives and entrepreneurship). By doing this, support
and awareness could be wider and more effective in the
long term, especially from national and local communities.
In parallel, a necessary step for governmental and non-
governmental environmental institutions is to keep invest-
ing in closing the information gap on the extent, distribu-
tion and conservation status of TDF. It is important to
generate baseline information at geographic scales coupled
with national and municipal decision-making. TDFs can be
identified and studied based on a global definition or using
the national or local definitions (e.g. tropical and subtrop-
ical dry forests, caatinga, agreste, mata acatingada, meso-
trophic, mesophilous or mesophytic forest, semideciduous
or deciduous forest, bosque caducifolio, bosque espinoso).
Projects directed to provide baseline information should
aim to include the geographic distribution of TDF plant and
animal communities of early, intermediate and late suc-
cessional stages, identifying hotspots of species diversity
and endemism, information on the spatial distribution
anthropogenic threats (deforestation maps) and ethnobo-
tanical information (human–TDF interactions) from local
to national scales.
Avoiding deforestation, forest degradation and pursuing
active restoration of TDF should be taken into account as
an opportunity for achieving national or regional objectives
in biodiversity conservation and carbon sequestration in the
neotropics. Given the ecosystem’s capacity to accumulate
belowground and aboveground biomass, support by the
REDD? programme (http://www.un-redd.org/), for exam-
ple, should be accounted as an opportunity to increase
awareness and foster long-term conservation programs in
critically endangered tropical dry forests. Together, Mex-
ico, Bolivia, Brazil, Colombia and Venezuela contain 93 %
of the tropical dry forests in continental areas and these
countries are also all signatories of the Kyoto Protocol
under the UN framework convention on climate change
(UNFCCC) which legally binds them to emission reduction
targets.
At the local level, research and conservation programs
can promote TDF conservation by communicating its
importance for watershed stability and climate change
adaptation. Honduras, Ecuador, Venezuela, Mexico and
Brazil, which have more than 50 % of water reservoirs and
dams in tropical dry forest areas, have already lost 74, 75,
74, 71 and 52 % of their TDF extent, respectively (Portillo-
Quintero and Sanchez-Azofeifa 2010). This arises as an
alarming fact, with consequences that haven’t been quan-
tified in terms of watershed stability, soil erosion and
sedimentation for neotropical hydrological river and lakes
network as well as in terms of climate change impacts and
species extinction (Farrick and Branfireun 2013). Where
applicable, ecotourism can be introduced as an argument
for the conservation of TDF remnants with its potential for
creating direct jobs to local communities and fostering
awareness to visitors on its multiple ecosystem services.
Conclusions
The current extent of TDF in the neotropics is approxi-
mately 519,597 km2, but only 23,417 km2 (4.5 %) is leg-
ally preserved for conservation purposes (Portillo-Quintero
and Sanchez-Azofeifa 2010). That means that almost all
remnants that are scattered through the neotropics remain
in privately or communal owned land, probably waiting to
be cleared for agricultural production, since the most tan-
gible benefits associated with a TDF remnant are agricul-
tural and pastoral goods are derived from its transformation
(Balvanera and Castillo 2011). In most of the cases, the
alternative of sustainable management or preservation
might not even be on the table.
The fundamental assumption is that other tropical for-
ests ecosystems are negligible outside the tropical rain-
forests; and this has driven the amount of scientific
literature available since 1945 (Sanchez-Azofeifa et al.
2013). But blossoming scientific research on biophysical
and socioeconomic aspects of TDF in the past years have
generated enough information to counteract with the per-
ception that these are negligible and not worthy of pres-
ervation. There are enough arguments for governmental
and non-governmental organizations to promote conser-
vation policies for TDF use and management at any bio-
geographic scale, and these can all be supported by
scientific, social, economic and ethical considerations. We
consider that findings on its unique biodiversity, its
potential in present and future carbon sequestration and its
role in the provision of ecosystem services directly related
to human livelihoods are filled with strong arguments that
can be used for introducing changes in land-use regulations
and/or promoting conservation programs at the scale of a
watershed, ecoregion or at the national level. In terms of
importance in providing soil, water-dynamics, climate and
air quality regulating services, TDF has direct influence in
at least 44 % of the cities of the neotropics and at least
66 % of water reservoirs and dams of neotropical coun-
tries, are located within dry ecoregions, with Venezuela
and Mexico having the largest percentage (85 and 84 %,
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respectively). This pattern indicates that the conservation
of the quality of freshwater sources for human consumption
in the neotropics is and will be directly dependent on
environmentally sustainable land management of TDF-
dominated landscapes.
Governmental and non-governmental environmental
institutions have an important role on clearly communi-
cating the multiple ecosystem services that standing trop-
ical dry forests can provide to all local, national and
regional stakeholders. Multidisciplinary research and
technical teams need to work closely with official institu-
tions in order to identify potential conservation areas where
preservation of TDF remnants and natural restoration can
be justified not only in terms of its biological diversity and
its potential for carbon sequestration, but also for its value
for the protection of freshwater sources and its potential for
ecotourism. The effective communication of these multiple
services can increase the support and awareness of a wider
audience in the governmental and non-governmental sector
which could secure the success of conservation and sus-
tainable management strategies in the long term.
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